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cense.Abstract A new an innovative separation method has been developed using N-n-octylaniline
(liquid anion exchanger) coated on silica gel. Ruthenium(III) has been extracted quantitatively from
0.05 M hydrochloric acid, striped with aqueous solution of various acids and then determined by
spectrophotometric method. Mutual separation scheme for ruthenium(III), iridium(III) and
osmium(VIII) has been developed. Ruthenium(III) has been separated from commonly associated
elements. Different parameter are studied viz effect of acid concentration, reagent concentration,
striping agent, ﬂow rate, foreign ion and synthetic mixture corresponding to alloys. Validity of
method has been veriﬁed by separation of ruthenium(III) from ﬁssium alloy.
ª 2009 King Saud University. Open access under CC BY-NC-ND license.1. Introduction
Abundance of ruthenium in earth crust is only 0.001 ppm. It is
usually occurs in associations with other platinum group met-
als (PGM). Ruthenium used as versatile catalyst. It has wide
application in jewellery, dye-sensitized solar cells, oil reﬁneries
and from other industrial process. The isotope of ruthenium
106 used into radiotherapy of tumors, eye and some ruthenium
central complexes having properties of anticancer (http://edu-.R. Kuchekar).
ity.
lseviercation.Jlab.org/itselemental/ele044.html). The growing use of
ruthenium in a different ﬁeld has made it necessary to develop
simple, precise, selective method for its separation is an analyt-
ical merits.
N-n-octylaniline and n-octylaniline has been used for extrac-
tion chromatographic separation of palladium(II) (Kokate
et al., 2009) gallium(III), indium(III) and thallium(III) (Aher
and Kuchekar, 2008). Noble metals were separated by extrac-
tion chromatography using trioctylamine (Przeszlakowski and
Flieger, 1979), as a stationery phase on paper support. The Rf
value of ruthenium(III) was less than rhodium(III) and greater
than aluminum(III), osmium(VIII), iridium(III), platinum(IV),
and palladium(II). A group separation of rhenium and plati-
num group elements (ruthenium, palladium, osmium, iridium
and platinum) were carried out using TEVA (Makishima
et al., 2001) as an anion exchange resin.
Ruthenium, osmium and iridium was extracted from
hydrochloric acid media using cynex 921 (Mhaske and
Dhadke, 2002) and method was applied for recoveries of metal
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chromatography has been studied in chloride media using
alamine 336 and TBP (Goralska et al., 2007) in kerosene and
separation of nonvolatile platinum metals was achieved. Tri-
n-octylammonium (Przeszlakowski and Flieger, 1981) salt
coated on silica was used as stationery phase and hydrochloric
acid and nitric acid used as an eluents extraction chromato-
graphic study of platinum group metal the method required
2 h elution time for quantitative separation. Iridium, ruthe-
nium and rhodium extracted from chloride solution using dif-
ferent commercially available extractants. The mixture of
alamine 336, LIX-54 and aliquot 336 (Kedari et al., 2005)
LIX-54 were effective for extraction of ruthenium(III). Plati-
num, palladium, ruthenium, rhodium and iridium were
extracted with N,N-diethyl-N-benzoylthiourea (Merdivan
et al., 2000) in hydrochloric acid media. Solvent extraction
of ruthenium(IV) has been carried out using N-octylaniline
(Lokhande et al., 2000) from hydrochloric acid medium and
stripped with 2.0% sodium chloride solution method suffers
interferences from iron(II), lead(II), cadmium(II), manga-
nese(II), bismuth(III), cerium(IV), and tellurium(IV). 4-Octy-
laniline has been reported to be group extractant for noble
metals (Vasilyeva et al., 1975; Pohlandt, 1979). Noble metals
were extractant using n-octylaniline but effectiveness of extrac-
tion depends method of preparation (Gedye et al., 1989).
In present investigation A novel separation method has been
developed using N-n-octylaniline (liquid anion exchanger)
coated on silica gel. Ruthenium(III) has been extracted quanti-
tatively from 0.05 M hydrochloric acid, striped with aqueous
solution of various acids and then determined by spectrophoto-
metric method. Mutual separation scheme has been developed
for ruthenium(III), iridium(III) and osmium(VIII).0
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Figure 1 Extraction of ruthenium(III) with 4.0% N-n-octylani-
line in chloroform as a function of hydrochloric acid
concentration.2. Experimental
2.1. Apparatus
An Elico digital spectrophotometer model SL-159 with 1 cm
quartz cells and Control Hydrodynamic pH meter were used
for absorbance and pH measurements.
2.2. Reagents
Standard solution of ruthenium(III) was prepared by dissolv-
ing 1.0 g ruthenium trichloride, RuCl3Æ3H2O (Loba. Chem)
in 1.0 M hydrochloric acid and diluted to 250 ml with distilled
water. It was standardized using gravimetric method (Beamish
and Van Loon, 1977). A working solution of ruthenium(III)
was made 50 lg/ml diluting stock solution with distilled water.
N-n-octylaniline was prepared according to the method re-
ported by Gardlund et al. (1973). The stock solution of N-n-
octylaniline was prepared in chloroform. All other standard
solution was prepared by dissolving appropriate salt with dis-
tilled water. All other chemicals used were of AR grade.
2.3. Preparation of anion exchange material
Silica gel (60–120 mesh) obtained from BDH has been dried at
120 C for 2–3 h and stored in desiccators. It is packed in U
tube through which a stream of nitrogen that has been bubbledthough a small Durand bottle containing about 20.0 ml of
dimethyldichlorosilane (DMCS). The passage of DMCS vapor
continued for 4 h. The silica gel is then washed with anhydrous
methanol and dried. A portion 5.0 g of this silaned silica gel
has been soaked with 4.0% (v/v) N-n-octylaniline previously
equilibrated with hydrochloric acid (0.05 M) for 10 min. The
solvent has been then evaporated to get nearly dried gel. The
slurry of N-n-octylaniline coated silica gel in distilled
water is prepared by centrifugation at 2000 rpm. The slurry
was packed in to chromatographic column to give a bed
height of 6.0 cm. The bed has been then covered with glass
wool plug.
2.4. General procedure
An aliquot of ruthenium(III) solution containing 50 lg/ml was
made 25 ml by adjusting concentration 0.05 M hydrochloric
acid and was passed through the column containing silica
coated with 4.0% N-n-octylaniline at a ﬂow rate of 0.5 ml/min.
After extraction, metal ion was stripped with 25.0 ml 1.0 M
hydrochloric acid. The strippent was evaporated to moist dry-
ness. Ruthenium(III) was estimated spectrophotometrically with
thiourea method (Sandell, 1965).
3. Results and discussion
3.1. Effect of acid concentration on extraction
Ruthenium(III) 50 lg/ml in 25 ml aqueous solution extracted
by varying the acid concentrations from 0.01 to 0.10 M hydro-
chloric acid with 4.0% N-n-octylaniline as a stationery phase
on silica gel. The percentage extraction initially increases and
becomes quantitative at 0.05–0.07 M hydrochloric acid and
later it decreases (Fig. 1). Hence, 0.05 M hydrochloric acid
concentration was used thought this work.
3.2. Effect of ﬂow rate on percentage extraction
The effect of ﬂow rate on percentage extraction of ruthe-
nium(III) was studied from 0.5 to 3.0 ml/min. It was observed
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centage extraction. There fore 0.5 ml/min was kept thought the
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Figure 2 Log–log plot of distribution ratio verses N-n-octylan-
iline concentration at 0.01 and 0.10 M HCl.
Table 1 Effect of diverse ions on extraction determination of ruth
1.0 M HCl.
Foreign ions Added as Tolerance limit (lg)
Pd(II) PdCl2ÆxH2O 100
Pt(IV) H2PtCl6ÆxH2O 100
Os(VIII) OsO4 100
Ir(III) IrCl3ÆxH2O 100
Rh(III) RhCl3ÆxH2O 100
Au(III) HAuClO4ÆH2O 100
Ag(I) AgNO3 100
Zr(IV) ZrOCl2Æ8H2O 500
V(V) V2O5 500
Zn(II) ZnSO4Æ7H2O 500
W(IV) Na2WO4Æ2H2O 500
In(III) InCl3Æ4H2O 500
Malonate CH2(COONa)2 1000
Succinate (CH2COONa)2Æ6H2O 1000
Oxalate (COOH)2Æ2H2O 1000
EDTA EDTA (disodium salt) 1000
Be(II) BeSO4Æ4H2O 800
Ca(II) CaCl2 800
Bi(III) Bi(NO3)2Æ5H2O 800
Table 2 Effect of stripping agent Ru(III) – 50 lg; N-n-octylaniline
Acid conc. (M) HCl HNO3
% R D % R D
0.5 89.5 8.52 85.1 5.71
1.0 99.8 499.0 89.7 8.70
2.0 99.8 499.0 99.8 499.0
3.0 99.8 499.0 99.7 332.33
4.0 99.8 499.0 99.7 332.33
% R – % Recovery; D – distribution ratio.3.3. Effect of various stripping agent
Optimum elution of ruthenium(III) was observed at different
concentration of various acid strippents (Table 2). It is evident
from the data that all the acid eluents employed in the present
investigation was effective and shows optimum elution of
metal, in the range 1.0–4.0 M hydrochloric acid, nitric acid,
sulphuric acid, hydrobromic acid and perchloric acid. In actual
process, 1.0 M hydrochloric acid was used for stripping ruthe-
nium(III) water eluted only 45% of metal ion.
3.4. Effect of N-n-octylaniline concentration
The concentration of N-n-octylaniline in chloroform varied
from 1.0% to 5.0% (v/v) over hydrochloric acid range 0.01–
0.10 M for ruthenium(III). It was extracted quantitatively with
4.0% (v/v) N-n-octylaniline in 0.05–0.07 M hydrochloric acid
media. The increase in N-n-octylaniline concentration percent-
age extraction increases. The stoichiometry of the extracted
species was determined by analyzing experimental data by
slope analysis method. Attempt was made to ascertained by
plotting a graph of log D[Ru(III)] against log C[N-n-octylaniline]
for 0.01 and 0.1 M hydrochloric acid media. The obtained
slope of 1.54 and 1.53, respectively, indicate that metal toenium(III) Ru(III) – 50 lg; N-n-octylaniline – 4.0%; striping –
Foreign ions Added as Tolerance limit (lg)
Se(IV) SeO2 400
Te(IV) TeO2 400
Al(III) AlCl3 400
Sr(II) Sr(NO3)2 400
Sb(III) Sb2O3 400
Ti(IV) TiO2 400
Hg(II) HgCl2 400
Cd(II) CdCl2Æ2H2O 400
Sn(II) SnCl2Æ2H2O 400
U(VI) UO2(NO3)2Æ6H2O 400
Tl(I) TlNO3 500
Ce(IV) Ce(SO4)2 500
Ba(II) BaCl2ÆH2O 500
Mo(VI) (NH4)6Mo2O24 500
Persulfate K2S2O8 1000
Salicylate HOC6H4COONa 1000
Citrate C6H8O7ÆH2O 1000
Acetate CH3COONaÆ3H2O 1000
Tartrate C6H6O6 1000
– 4.0%; mobile phase – 0.05 M.
H2SO4 HBr HClO4
% R D % R D % R D
82.3 4.64 90.2 9.20 94.0 15.67
92.8 499.0 99.8 499.0 99.8 499.0
99.8 499.0 99.8 499.0 99.8 499.0
99.8 499.0 99.6 249.0 99.8 499.0
99.6 249.0 99.6 249.0 99.8 499.0
44 S.J. Kokate, S.R. Kuchekaramine ratio in the extracted species is 1:2 (Fig. 2). The proba-
ble extracted species is ½RR0NHþ2 2RuCl26 ðorgÞ. The extraction
mechanism can be explained as follows.
RR0NH½ ðorgÞ þHClðaqÞ  RR0NHþ2 Cl
 
ðorgÞ
2 RR0NHþ2 Cl
 
ðorgÞ
þ RuCl26
 
ðaqÞ  ðRR0NHþ2 Þ2RuCl26
 
ðorgÞ þ 2ClðaqÞ3.5. Effect of diverse ions
The extraction of ruthenium(III) in presence of cations and an-
ions was carried out according to recommended procedure to
examine their interferences. The tolerance limit was set at the
amount required to cause ± 2% error in recovery of ruthe-
nium(III). It was observed that the method is free from inter-
ference from a large number of cations and anions (Table 1).
The only anions ascorbate, iodide, thiocyanate and cations ir-Table 3 Analysis of synthetic mixture of alloy: Ru(III) – 50 lg; N-
Sample alloy (% composition) Ru(III) taken
Neuyanskite alloy Ru 50, Rh 100, Os 650, Pt 400, Ir 3100 50
Osmiridium alloy Ru 80, Rh 110,
Os 325, Pt 100, Ir 450, Au 10
50.00
Jewellery alloy Ru 4.0, Pd 95.0, Rh1.0 50.00
Table 4 Analysis of ruthenium(III) from ﬁssium alloy: Ru(III) – 5
Metal ion added (lg)
U Zr Pd Rh Mo
10,000 – – – –
– 200 – – –
– – 200 – –
– – – 200 –
– – – – 300
1900 1 1 1 50
3800 2 2 2 100
5700 3 3 3 150
7600 4 4 4 200
9500 5 5 5 250
In 25 ml volumetric .flask add 25 µg Ru(III) + 50 µg Os
solution 1.0 M. Transfer in column containing silica coate
Organic phase (in column) Os(VIII) and Ir(III)  
Ir(III)     Os(V
Stripped with 2×10 ml   Strip
2.0 M HCl determined by   5.5 M
Spectrophtometric method [19]                            Sp
Scheme 1 Mutual separation scheme for ruthon(III), copper(II), cobalt(II), chromium(VI), nickel(II) show-
ing interferences.4. Applications
4.1. Analysis of synthetic mixture of alloy
The validity of the method was conformed by applying devel-
oped method for extraction of ruthenium(III) from analysis of
synthetic mixtures corresponding to alloys. The composition
of neuyanskite alloy, osmiridium alloy and jewellery alloy were
prepared in laboratory and successfully applied to proposed
method. The results of analysis are reported in (Table 3).
4.2. Analysis of ruthenium(III) from ﬁssium alloy
The suitability of the developed method was examined by apply-
ing it for the separation of synthetic mixture correspondingn-octylaniline – 4.0%; stripant – 1.0 M.
(lg) Ru(III) found (lg) % Average recovery. % Relative errors
49.90 99.8 0.20
49.90 99.8 0.20
49.85 99.7 0.30
0 lg; N-n-octylaniline – 4.0%; stripant – 1.0 M.
Ru(III) % recovery % RSD
Ru
200 99.8 0.20
200 99.9 0.10
200 99.9 0.10
200 99.7 0.30
200 99.8 0.20
40 99.7 0.30
80 99.8 0.20
120 99.9 0.10
160 99.7 0.30
200 99.6 0.40
(VIII) + 100 µg Ir(III) + hydrochloric acid to make 
d with 2.0% N-n-octylaniline.
  Aqueous phase Ru(III)   
Evaporate in to dryness and 
determined by spectrophtometric 
method [19].  
III) 
ped with 2×10 ml  
 HCl determined by 
ectrophtometric method [19]
enium(III), osmium(VIII) and iridium(III).
Table 5 Mutual separation of ruthenium(III), osmium(VIII)
and iridium(III).
Metal ion Amount
taken (lg)
Amount
found (lg)
% Recovery % Relative
errors
Os(VIII) 25 24.9 99.6 0.40
Ru(III) 50 49.9 99.8 0.20
Ir(III) 100 99.5 99.5 0.50
Average of three determinations.
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nium(IV), palladium(II), rhodium(III) and molybdenum(VI)
compositions were prepared in laboratory. The results ob-
tained for analysis using developed method are good agree-
ment with certiﬁed values (Table 4).
4.3. Mutual separation of ruthenium(III), osmium(VIII) and
iridium(III)
In 25.0 ml volumetric ﬂask transfer 25 lg ruthenium(III),
50 lg osmium(VIII) and 100 lg iridium(III) and hydrochloric
acid has been added to make solution 1.0 M with respect to
hydrochloric acid and transfer this solution to column contain-
ing silica coated with 2.0% N-n-octylaniline. Osmium(VIII)
and iridium(III) extracted in a column and ruthenium(III)
was eluted in aqueous phase. Ruthenium(III) was determined
by spectrophotometric method. Iridium(III) was stripped with
2 · 10 ml 2.0 M hydrochloric acid and determined by spectro-
photometric method. Osmium(VIII) from same column was
eluted with 2 · 10 ml of 5.5 M hydrochloric acid and deter-
mined by spectrophotometric method (Scheme 1, Table 5).
5. Conclusions
The method is selective and permits rapid separation of micro-
gram amount of ruthenium(III). It permits mutual separation
of ruthenium(III), osmium(VIII) and iridium(III). Reliability
of method is veriﬁed by analyzing synthetic mixture corre-sponding to ﬁssium alloy. This method is free from large num-
ber of interfering ions. It is simple, rapid and reproducible.Acknowledgements
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